Introduction
An array of QA tests are used to assure that IMRT and VMAT beams are delivered correctly. One test is the sliding leaf gap test (Chui (1996) ). In the sliding leaf gap test a dynamic narrow field is moved across an ion chamber and the charge collected is normalised by the charge collected from an open field delivered using the same number of monitor units. It is possible to calculate the expected normalised value but it is difficult to calculate how sensitive the value is to clinically relevant deviations in the MLC calibration. This work determines clinically relevant tolerance criteria by introducing MLC errors into the delivery, and comparing VMAT verification results performed using Delta4 and ion chamber measurements within a phantom with the result of the sliding window output factor (SWOF). Method Two VMAT plans were selected from the range of class solutions delivered at Leeds Cancer Centre. These class solutions were an anus and an endometrium as experience had identified these class solutions as the most difficult to deliver correctly. All plans were calculated using the Elekta Monaco TPS and delivered on Elekta VersaHD linear accelerators. The MLC leaves on the linear accelerators were first calibrated to ensure that the MLCs were performing optimally and the leaf positions assured using iViewGT images and in-house developed software. The overall accuracy of treatment delivery was assessed by a measurement using Delta4 and by an ion chamber measurement in a phantom at the isocentre. Each leaf bank was adjusted by modifying the relevant linac control values such that the subfields were made larger by 0.1 mm on each leaf. The verification measurements were repeated. This process of modifying the leaf bank calibration and verifying the VMAT deliveries was repeated until one of the deliveries failed either a Delta4 measurement ( ie < 95% of points analysed using gamma parameters of 3%/3mm achieving a gamma value less than one) or an ion chamber measurement (ie the measured dose at the isocentre varies by more than 3% from the planned dose). The MLC calibration was restored and the process repeated this time adjusting the leaf bank calibration to make the subfields smaller. A water phantom was placed at 100 cm SSD with an ion chamber on the CAX at depth of 5cm. The chamber was irradiated with a 200 MU 10x10 cm 2 field and the charge collected recorded. The chamber was irradiated with a dynamic 200 MU 10 x 1 cm 2 field which moved across the field from -4.5 cm to 4.5 cm. The charge collected was normalised by the open field value and recorded. This value is the sliding window output factor (SWOF). The SWOF was recorded for range of leaf calibration settings assessed as being clinically acceptable using the verification measurements of the two VMAT solutions. This process was repeated across 7 linear accelerators and the results from all linacs used to determine the clinical tolerances for the SWOF
Results
The Delta4 and ion chamber results for both anus and endometrium plans for LINAC A are shown in figure 1. The figure shows that as the leaf calibration is extended or withdrawn the verification results become poorer until eventually the verifications fail. A failure is indicated by either the Delta4 results or the point dose measurements falling out of tolerance It can also be observed that the two different class solutions are sensitive to leaf calibration offset in different ways: the endometrium plan fails as the calibration becomes larger and the anus plan fails as the calibration becomes smaller. This demonstrates the importance of using both class solutions for the benchmarking exercise. Note that this linear accelerator is resilient to leaf calibration changes of 0.2 mm on each bank. By determining the SWOF at extremities of the leaf calibration range of each LINAC it is possible to determine the tolerance range for the SWOF. Figure 2 shows the SWOF tolerances for seven linear accelerators. The figure shows that although the tolerance ranges do not align exactly there is sufficient overlap to allow a single tolerance range for the whole fleet. The fleet wide SWOF tolerance range is 0.1169 to 0.1211, or 0.119 +/-1.8 % (marked by dotted lines on figure 2).
Conclusion
An IMRT QA program requires many tests to ensure that the clinical delivery is correct. Simple tests, properly benchmarked against clinically relevant plans, can be used to monitor the performance of the treatment machines efficiently. The SWOF test can be used to monitor the MLC calibration. The SWOF test has been benchmarked against gold standard verification measurements using two complex VMAT deliveries across seven linear accelerators. A single tolerance range for the sliding window output factor has been established that can be used across the fleet. This clinical tolerance range for the SWOF is 0.1190 +/-1.8%.
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